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TECHNIQUES FOR THE UTILIZATION OF FLY ASH 

S .  G .  S c h a f f e r  a n d  R .  W .  Noble 

Duquesne L i g h t  Company, P i t t s b u r g h ,  P e n n s y l v a n i a  

S i n c e  t h e  i n t r o d u c t i o n  of p u l v e r i z e d - c o a l  b o i l e r s  i n  t h e  1920-1930 
d e c a d e ,  t h e  p.roblem of f l y  a s h  c o l l e c t i o n  and d i s p o s a l  h a s  been a major .  problem 
t o  t h e  e l e c t r i c  u t i l i t y  i n d u s t r y .  The q u a n t i t y  of f l y  a s h  produced  and which i s  
n o t  c o l l e c t e d  i s  becoming an  i n c r e a s i n g l y  g r e a t e r  a i r  p o l l u t i o n  problem,  s u b j e c t  
t o  c o n t r o l  by m u n i c i p a l i t i e s ,  s t a t e s  and t h e  F e d e r a l  Government.  Every emphasis  
i s  t h e r e f o r e  b e i n g  made t o  r e d u c e  t h e  amount of f l y  a s h  e s c a p i n g  t o  t h e  a tmosphere  
by t h e  i n s t a l l a t i o n  of f l y  a s h  c o l l e c t i n g  equipment ,  where i t  does  n o t  e x i s t ,  and  

?\ by i n c r e a s i n g  t h e  c o l l e c t i o n  e f f i c i e n c y  of equipment  where i t  i s  a l r e a d y  i n s t a l l e d .  
T h i s  r e d u c t i o n  i n  a i r  p o l l u t i o n ,  however,  a g g r a v a t e s  t h e  a l r e a d y  d i f f i c u l t  problem 
of  d i s p o s a l  of t h e  c o l l e c t e d  f l y  a s h .  A t  Duquesne L i g h t  Company t h e r e  a r e  twenty . 
p u l v e r i z e d - c o a l  b o i l e r s ,  and  i n  1964 they  produced n e a r l y  500,000 t o n s  of f l y  a s h .  

;. I n  t h e  U n i t e d  S t a t e s  i n  1962, more t h a n  e l e v e n  m i l l i o n  t o n s  of f l y  a s h  were c o l -  
l e c t e d ;  a n d  i t  i s  e s t i m a t e d  t h a t  by 1980, t h e r e  w i l l  b e  t w e n t y - f i v e  m i l l i o n  t o n s  
produced a n n u a l l y .  A t  Duquesne L i g h t  Company t h e  f l y  a s h  produced  was c o l l e c t e d  
by m e c h a n i c a l  c o l l e c t o r s  and e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  sometimes i n  combinat ion.  

One method is t o  t r a n s -  
' p o r t  i t  from t h e  c o l l e c t i o n  h o p p e r s  t o  a s i l o  i n  a d r y  s t a t e  a n d ,  a f t e r  p a s s i n g  
' t h r o u g h  a w e t t i n g  pug m i l l ,  i t  i s  l.oaded on t r u c k s  and h a u l e d  t o  t h e  a s h  d i s p o s a l  
a r e a .  A second. method i s  t o  remove t h e  f l y  a s h  from t h e  h o p p e r s ,  mix i t  w i t h  

1 w a t e r  and s l u i c e  i t  t o  a n  a s h  pond.  When t h e  pond becomes f u l l  and  h a s  been de- 
\ ,watered  by d r a i n a g e  and  e v a p o r a t i o n ,  i t  i s  dug w i t h  power equipment  and h a u l e d  

\The  c o l l e c t e d  f l y  a s h -  i s  g e n e r a l l y  h a n d l e d  i n  two ways.  

\ t o  t h e  a s h  d i s p o s a l  a r e a .  

Duquesne h a s  been d i s p o s i n g  of f l y  a s h  i n  t h e s e  ways f o r  more than  
twenty years and h a s  found t h a t  t h e y  a r e  w a s t e f u l  and  r e p r e s e n t  a c o n t i n u i n g  
expense , f rom which no b e n e f i t s  c a n  b e  r e a l i z e d .  The dump a r e a s ,  a t  b e s t ,  a r e  
u n s i g h t l y  and a r e  a s o u r c e  of secondary  f l y  a s h  e n t r a i n m e n t .  T h e , u n s i g h t l i n e s s .  

\ a n d  t h e  d u s t  s o u r c e  of t h e  dump a r e a s  a re  a n  annoyance t o  t h e  n e a r b y  p o p u l a c e ,  
: a n d  i n  some l o c a t i o n s  t h i s  annoyance has  c a u s e d  a c o n s i d e r a b l e  amount of  i l l  
' f e e l i n g  toward t h e  Company. T h e r e  have  been a c t s  of h a r a s s m e n t  by t h e  p u b l i c  

and l e g i s l a t i v e  a c t i o n  by c e r t a i n  m u n i c i p a l i t i e s  t o  p r e v e n t  t h e  dumping of f l y  
a s h .  F o r  t h e s e  r e a s o n s ,  i t  h a s  been i n c r e a s i n g l y  d i f f i c u l t  t o  l o c a t e  and  o b t a i n  
new dumping a r e a s  which a r e  l o c a t e d  a t  r e a s o n a b l e  d i s t a n c e s  from a g e n e r a t i n g  
s t a t i o n .  A l l  p r a c t i c a l  and  r e a s o n a b l e  methods t o  f i n d  s o l u t i o n s  t o  t h e s e  prob-  
l e m s ,  and t h e r e b y  p l a c a t e  t h e  n e i g h b o r s ,  have  been t r i e d  by Duquesne,  b u t  mos t ly  

' w i t h o u t , t o o  much s u c c e s s .  T h i s  i s  e s p e c i a l l y  t r u e  i f  t h e  dump a r e a  is s t i l l  
, b e i n g  u s e d .  ' For  dumps no l o n g e r  i n  u s e ,  a method which h a s  been u s e d  s u c c e s s -  
! f u l l y  t o  e l i m i n a t e  s e c o n d a r y  f l y  a s h  e n t r a i n m e n t  h a s  been t o  c o v e r  t h e  dump a r e a  
w i t h  t o p s o i l  and p l a n t  w i t h  g r a s s  seed. I n  many l o c a t i o n s ,  t h e s e  a r e a s  have. been 

'made u s e f u l  t o  m u n i c i p a l i t i e s  f o r  r e c r e a t i o n a l  a c t i v i t i e s .  However, i t  i s  n o t  
p o s s i b l e  t o  u s e  t h e s e  f i l l e d  a r e a s  f o r  heavy b u i l d i n g s  b e c a u s e  f l y  a s h  w i l l  n o t  

, s u p p o r t  heavy l o a d s ,  t h e  i n h e r e n t  tendency b e i n g  t o  "flow" when s u b j e c t e d  t o  
) g r e a t  p r e s s u r e s  o r  e x c e s s i v e  m o i s t u r e .  Taking  a l l  f a c t s  i n t o  c o n s i d e r a t i o n ,  i t  
!can be concluded  t h a t  t h e  p r e s e n t  p r o c e d u r e  of dumping i s  a v e r y  u n d e s i r a b l e  
method of d i s p o s i n g  of  f l y  a s h .  

C o n f r o n t e d  w i t h  t h e s e  c o n d i t i o n s ,  t h e  Duquesne L i g h t  Company h a s  been 
b c t i v e l y  engaged ,  f o r  more t h a n  f i f t . e e n  y e a r s ,  i n  s e a r c h i n g  f o r  o t h e r  methods 
lfor t h e  d i s p o s a l  of f l y  a s h  i n  a n  economic 'manner .  Duquesne h a s  f i n a n c e d ,  both 
p r i v a t e l y  and j o i n t l y  w i t h  o t h e r  companies ,  r e s e a r c h  p r o j e c t s  t o  d e t e r m i n e  t h e  
{ e a s i b i l i t y  of  new methods f o r  t h e  u t i l i z a t i o n  of f l y  a s h .  I n  a d d i t i o n ,  i t  has  
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worked c l o s e l y  w i t h  n a t i o n a l  o r g a n i z a t i o n s  such  a s  t h e  Ed i son  E l e c t r i c  I n s t i t u t e  
w h i c h ,  o f  c o u r s e ,  a l s o  r e c o g n i z e s  t h a t  w i t h  t h e  i n c r e a s e  i n  p u l v e r i z e d - c o a l  
b o i l e r s ,  t h e  d i s p o s a l  o f  f l y  a s h . i s  becoming a more a c u t e  problem. 

S e v e r a l  w o r t h w h i l e  u s e s  h a v e  been found  f o r  f l y  a s h ,  one  o f . w h i c h  i s  
i n  t h e  c o n s t r u c t i o n  o f  a s p h a l t  roadways.  F l y  a s h  h a s  p roven  t o  b e  v e r y  e f f e c t i v e  
as a "choking" m a t e r i a l  f o r  t h e  l a r g e ,  heavy s l a g  b a s e  c o u r s e s ,  b e c a u s e  o f  i t s  
f l u i d i t y ,  a n d  a s  a r e p l a c e m e n t  f o r  l i m e s t o n e  d u s t  i n  t h e  s u r f a c e  c o u r s e .  I n  1953, 
work ing  i n  c o n j u n c t i o n  w i t h  Bituminous Coa l  R e s e a r c h ,  I n c . ,  Duquesne L i g h t  Company 
c o n s t r u c t e d  a s p e c i a l  a s p h a l t  roadway a t  i t s  P h i l l i p s  Power S t a t i o n  n e a r  Aliquippa,  
P e n n s y l v a n i a ,  f o r  t h e  p u r p o s e  o f  d e t e r m i n i n g  t h e  e f f e c t  on  t h e  d u r a b i l i t y  of t h i s  
t y p e  of roadway when f l y  a s h  i s  s u b s t i t u t e d  f o r  o t h e r  m a t e r i a l s .  The r o a d  i s  
a p p r o x i m a t e l y  170 f e e t  l o n g  and r u n s  from a p a s s i n g  highway t o  t h e  s t a t i o n  c o a l  
t r u c k  sca le .  The r o a d ,  o v e r  which a l l  of t h e  s t a t i o n  t r u c k e d  c o a l  p a s s e s ,  i s  
c o n s i d e r e d  t o  be a v e r y  heavy one and  h a n d l e s  a n  a v e r a g e  o f  160  t r u c k s  p e r  day 
f o r  a f i v e - d a y  week a t  a n  a v e r a g e  loaded  we igh t  o f  a t  least  25 t o n s .  Var ious  
c o m b i n a t i o n s  of s t a n d a r d  a n d  f l y - a s h - c o n t a i n i n g  s u r f a c e s  and  b a s e s  were i n s t a l l e d  
t o  compare t h e  d i f f e r e n t  t y p e s  of c o n s t r u c t i o n .  The r o a d ,  a s  c o n s t r u c t e d ,  con- 
s i s t s  of a 1 - inch  s a n d  b a s e ,  two 6 - i n c h  l a r g e  s l a g  b a s e s ,  a 2 - inch  b i n d e r  cour se  
a n d  a 1 - i n c h  s u r f a c e  cour se .  F l y  a s h  w a s  u sed  f o r  f i l l i n g  ("choking")  between 
t h e  l a r g e  s l a g  of t h e  b a s e s  and a s  a s u b s t i t u t e  f o r  l i m e s t o n e  d u s t  i n  t h e  s u r f a c e  
c o u r s e .  The road is s t i l l  i n  u s e  and  d i d  n o t  r e q u i r e  r e p a i r  u n t i l  May 1965, when 
v e r y  minor  r e p a i r s  were made. The r e s u l t s  of t h e  t e s t  i n d i c a t e  t h a t  t h o s e  por-  
t i o n s  o f  t h e  road wh ich  were c o n s t r u c t e d  u s i n g  f l y  a s h ,  as  p r e v i o u s l y  d e s c r i b e d ,  
have .pe r fo rmed  a s  w e l l ,  i f  n o t  b e t t e r ,  t han  t h e  p o r t i o n s  u s i n g  r e g u l a r  c o n s t r u c -  
t i o n  ma te r i a l s  w i t h  r e s p e c t  t o  s u r f a c e  wear a n d  g e n e r a l  r o a d  upkeep.  I t  was due 
m o s t l y . t o  t h e  r e s u l t s  of t h i s  t es t  r o a d  t h a t  t h e  Pennsy lvan ia  S t a t e  Highway 
Department  a c c e p t e d  f l y  ash a s  a s u i t a b l e  mater ia l  i n  t h e i r  a s p h a l t  r o a d  speci- 
f i c a t i o n s .  With t h e  p r o s p e c t  of h a v i n g  a market  f o r  i t s  f l y  a s h ,  t h e  Duquesne 
L i g h t  Company i n s t a l l e d  f l y  a s h  bagg ing  f a c i l i t i e s  a t  i t s  P h i l l i p s  S t a t i o n .  The 
f l y  a s h  is marke ted  by a l o c a l  c o n t r a c t o r  unde r  t h e  name o f  " D u r o s i l " .  The re  h a s ,  
however ,  n e v e r  been any  rea l  demand f o r  t h e  p r o d u c t  i n  t h i s  area'.  

Although s u b s e q u e n t l y  t h e r e  have been r o a d s  i n  o t h e r  areas s i m i l a r l y  
c o n s t r u c t e d ,  there h a s  not  been any rea l  wide - sp read  u s e  of f l y  ash f o r  t h i s  
p u r p o s e .  E l e c t r i c  u t i l i t i e s ,  whose p r imary  i n t e r e s t  i s  g e n e r a t i n g  e l e c t r i c  power, 
h a v e ,  p e r h a p s ,  n o t  a t t e m p t e d  t o  push g r e a t l y  t h e  u s e s  of f l y  a s h  f o r  r o a d  con- 
s t r u c t i o n .  Th i s  method of u t i l i z a t i o n  a l s o  would n o t  n e a r l y  approach  t h e  t o t a l  
amount o f  f l y  a s h  p roduced  each  y e a r  by t h e  e l ec t r i c  i n d u s t r y ,  and  i t s  s e a s o n a l  
demand would p roduce  p rob lems  of s t o r a g e  or i n t e r m i t t e n t  d i s p o s a l .  

Due t o  i t s  p o z z o l a n i c  p r o p e r t i e s ,  a n o t h e r  u s e  f o r  f l y  a s h  is  a s  a 
c o n c r e t e  a d d i t i v e  s u b s t i t u t e d  f o r  cement .  Although f l y  a s h  c a n n o t  b e  wholly 
s u b s t i t u t e d  f o r  cemen t ,  i t  h a s  been shown t o  b e  e f f e c t i v e  when u s e d  a s  a r e p l a c e -  
ment i n  q u a n t i t i e s  up t o  25-30 p e r  c e n t  o f  t h e  cement used  i n  b u l k  c o n c r e t e  and 
c o n c r e t e  b lock :  Much r e s e a r c h  h a s  been done by t h e  e l e c t r i c  u t i l i t y  i n d u s t r y ,  
a s  w e l l  a s  many o t h e r  i n t e r e s t e d  o r g a n i z a t i o n s ,  t o  d e t e r m i n e  t h e  e f f e c t s  of 
s u b s t i t u t i n g  f l y  a s h  f o r  cement  i n  t h e  p r e p a r a t i o n  of c o n c r e t e .  The B a t t e l l e  
Memorial  I n s t i t u t e  h a s  been engaged f o r  s e v e r a l  y e a r s  i n  r e s e a r c h  f o r  t h e  
Ed i son  E l e c t r i c  I n s t i t u t e  f o r  t h e  p u r p o s e  of d e t e r m i n i n g  c e m e n t i t i o u s  c h a r a c -  
t e r i s t i c s  of f l y  a s h  a n d  t h e  e f f e c t  of  v a r i a t i o n s  i n  c h e m i c a l  c o m p o s i t i o n  of 
d i E f e r e n t  a s h e s .  A s  l o n g  ago  a s  1952 ,  Duquesne L i g h t  Company engaged t h e  
P i  t t sbu r ,qh  T e s t i n g  L a b o r a t o r y  t o  pe r fo rm tes t s  on c o n c r e t e  c o n t a i n i n g  f l y  a s h .  
Us ing  b a s i c  1:2:3 and 1 : 2 : 4  c o n c r e t e  m i x e s ,  f l y  a s h  was s u b s t i t u t e d  f o r  cement 
i n  amounts  of  10 ,  20 and 30 p e r  c e n t .  The c o n c r e t e  samples  were then  used  t o  
c o n d u c t  compress ive  a n d  f r a c t u r e  t e s t s .  I n  1954 Duquesne L i g h t  Company, when 
i n s t a l l i n g  a new c o n c r e t e  r o a t  a t  i t s  Elrama S t a t i o n ,  u sed  f l y  a s h  i n  10, 20 
and  25 p e r  c e n t  q u a n t i t i e s  i n  c e r t a i n  t e s t  s e c t i o n s  o f  t h e  r o a d .  C o n c r e t e  
samples  t a k e n  a t  t h a t  t i m e  were a l s o  t e s t e d  by P i t t s b u r g h  T e s t i n g  L a b o r a t o r y .  



The r e s u l t s  of t h e s e  t e s t s ,  a s  w e l l  a s  tests by many o t h e r  o r g a n i z a t i o n s ,  i n d i c a t e  
t h a t  f l y  a s h  c a n  be s u b s t i t u t e d  s u c c e s s f u l l y  f o r  cement i n  c o n c r e t e  up t o  25-30 
p e r  Cent  rep lacement  and s t i l l  produce  a c o n c r e t e  which exceeds  t h e  minimum com- 

\ p r e s s i v e  s t r e n g t h .  
. w i t h  v a r i o u s  p e r c e n t a g e s  of f l y  a s h  s u b s t i t u t e d  f o r  P o r t l a n d  cement .  

was t a k e n  from tes ts  per formed by t h e  N a t i o n a l  Ready-Mixed C o n c r e t e  A s s o c i a t i o n .  

The f o l l o w i n g  t a b l e  shows t h e  c o m p r e s s i v e  s t r e n g t h  of c o n c r e t e  
The d a t a  

Compress ive  S t r e n g t h ,  p s i  Cement Replaced  
r\ Per  Cent  7 days  28 days  3 months 

' c a l c i u m  h y d r o x i d e ,  which i s  w a t e r  s o l u b l e ,  w i l l  l e a c h  o u t  w i t h  t i m e , l e a v i n g  v o i d s  
)in t h e  c o n c r e t e .  Leaching  b e g i n s  soon a f t e r  t h e  c o n c r e t e  i s  p l a c e d  and c o n t i n u e s  

f o r  i t s  l i f e t i m e .  The f r e e  c a l c i u m  h y d r o x i d e  i s  a t t a c k e d  by v a r i o u s  s u l f a t e s  and  
t 
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o t h e r  compounds, i n c r e a s i n g  t h e  p e r m e a b i l i t y  o f  t h e  c o n c r e t e  a n d  t h e r e b y  l e a d i n g  
t o  d e t e r i o r a t i o n  and d e c r e a s e  i n  d u r a b i l i t y .  T h e r e f o r e ,  c o n c r e t e  s h o u l d  c o n t a i n  
a minimum of  c a l c i u m  h y d r o x i d e  i n  o r d e r  t o  i n c r e a s e  i t s  d u r a b i l i t y  a n d  d e c r e a s e  
i t s  p e r m e a b i l i t y .  By u s i n g  f l y  a s h  i n  c o n c r e t e ,  t h e  f l y  a s h  t a k e s  a d v a n t a g e  of 
t h e  h y d r a t e d  lime f r e e d  i n  t h e  cement-water  r e a c t i o n  by combining w i t h  i t .  A 
c h e m i c a l  r e a c t i o n  between the h y d r a t e d  l i m e  a n d  t h e  s i l i c o n  and  aluminum ox ides  
i n  t h e  f l y  ash  p roduces  i n s o l u b l e  cemen t ing  compounds. These a i d  t h e  hardened 
p a r t i c l e s  i n  t h e  r e m a i n i n g  cement  m i x t u r e  t o  make f l y  a s h  c o n c r e t e  s u p e r i o r  to  
o r d i n a r y  c o n c r e t e  i n  s t r e n g t h ,  d u r a b i l i t y ,  w a t e r t i g h t n e s s  and r e s i s t a n c e  t o  v a r i -  
ous  a c i d s ,  a l k a l i e s  a n d  s u l f a t e s .  As would b e  e x p e c t e d ,  the  f l y - a s h - c o n t a i n i n g  
c o n c r e t e  does n o t  h a r d e n  as  r a p i d l y  as  r e g u l a r  c o n c r e t e ;  however,  t h e  f l y  a s h  
c o n c r e t e  w i l l ,  i n  t i m e ,  become s t r o n g e r  t h a n  t h e  r e g u l a r  c o n c r e t e .  It  can  be 
s e e n  on F i g u r e  1 t h a t  f o r  t h e  p a r t i c u l a r  f l y  ash-cement  combina t ion  u s e d  (20  per 
c e n t  f l y  a s h ,  80 per  c e n t  P o r t l a n d  c e m e n t ) ,  t h e  f l y  a s h  c o n c r e t e  becomes h a r d e r  
a f t e r  a b o u t  100 d a y s .  

T h i s  same l i m e - f l y  a s h  chemica l  r e a c t i o n  t h a t  t a k e s  p l a c e  i n  c o n c r e t e  
a l s o  o c c u r s  when mixing f l y  a s h  w i t h  l i m e  and  a g g r e g a t e - a  combina t ion  which h a s  
been used  t o  b u i l d  low c o s t  temporary r o a d s ,  a i r p o r t  runways and p a r k i n g  l o t s .  
A c t u a l l y ,  t h e  Romans used  a s i m i l a r  combina t ion  f o r  r o a d  b u i l d i n g  n e a r l y  2,000 
, ea r s  a g o ,  e x c e p t  v o l c a n i c  a s h  was used  i n  p l a c e  of f l y  a s h .  It  i s  from t h i s  
a n c i e n t  u s e  t h a t  t h e  word " p o z z o l a n i c "  i s  d e r i v e d .  

To d a t e ,  a l i m i t e d  amount o f  f l y  a s h  h a s  been used  by t h e  b u l k  c o n c r e t e  
u s e r s .  The l a r g e s t  p r o j e c t  t o  d a t e  which u t i l i z e d  f l y  a s h  as  a s u b s t i t u t e  f o r  
cement was t h e  Hungry Horse  Dam i n  n o r t h w e s t  Montana. T h i s  dam, which c o n t a i n s  
3 ,086,000 c u b i c  y a r d s  of c o n c r e t e ,  u s e d  126,000 t o n s  o f  f l y  a s h  w i t h  a r e s u l t a n t  
s a v i n g  of $1.5 m i l l i o n .  V a r i o u s  o t h e r  dams and  b u i l d i n g s  th roughou t  t h e  c o u n t r y ,  
i n c l u d i n g  Duquesne L i g h t  Company's S h i p p i n g p o r t  Atomic Power S t a t i o n ,  have been 
b u i l t  u s i n g  f l y - a s h - c o n t a i n i n g  c o n c r e t e .  

I f  a l l  t h e  c o n c r e t e  used  c o n t a i n e d  f l y  a s h ,  t h e r e  would b e  no d i f f i c u l t y  
i n  d i s p o s i n g  of a l l  t h e  f l y  a s h  t h a t  i s  c u r r e n t l y  p roduced .  However, t h e r e  a r e  
s e v e r a l  f a c t o r s  which p r e s e n t l y  t e n d  t o  l i m i t  t h e  m a r k e t i n g  of f l y  a s h  on t h a t  
l a r g e  a s c a l e .  

F i r s t ,  some d e g r e e  o f  c o n s i s t e n c y ,  w i t h  r e s p e c t  t o  t h e  p r o p e r t i e s  of 
f l y  a s h ,  i s  needed b e f o r e  i t  c a n  b e  used  i n  c o n c r e t e .  These  p r o p e r t i e s  v a r y  from 
l o c a t i o n  t o  l o c a t i o n  and  f rom t i m e  t o  t i m e , b e c a u s e  t h e r e  i s  no  a t t e m p t  ' Io c o n t r o l  
t l y  a s h  p r o p e r t i e s .  I t  mus t  b e  remembered t h a t  f l y  a s h  is  a by -p roduc t  of e l e c t r i c  
power g e n e r a t i o n  and i t s  p r o p e r t i e s  depend,  t o  a l a r g e  e x t e n t ,  on how t h a t  genera-  
t i o n  i s  performed and a l s o  on t h e  o r i g i n a l  c o m p o s i t i o n  o f  t h e  c o a l  which i s  burned. 
F o r  i n s t a n c e ,  a s t a t i o n  wh ich  i s  b a s e  loaded  w i l l  p roduce  f l y  a s h  w i t h  a lower 
c a r b o n  c o n t e n t  t han  a s t a t i o n  whose e l e c t r i c a l  o u t p u t ,  and  t h e r e f o r e  c o a l  burning 
r a t e ,  c o n t i n u a l l y  f l u c t u a t e s .  

Second,  t h e  b a s i c  c o m p o s i t i o n  o f  t h e  c o a l  burned may c o n t a i n  e x c e s s i v e  
amounts  of u n d e s i r a b l e  e l e m e n t s .  F o r  i n s t a n c e ,  f l y  a s h  may c o n t a i n  e x c e s s i v e  i r o n  
and  t h e r e f o r e  impar t  an u n d e s i r a b l y  d a r k e r  c o l o r  o r  may r e s u l t  i n  s t a i n i n g  when 
i n c o r p o r a t e d  i n t o  c o n c r e t e  b l o c k s  o r  o t h e r  masonry p r o d u c t s .  

T h i r d ,  t h e  bu lk  c o n c r e t e  mix ing  p l a n t s  are  n o t  a lways  c o n v e n i e n t l y  
l o c a t e d  t o  f l y  a s h  s o u r c e s ;  a n d , t h e r e f o r e ,  t r a n s p o r t a t i o n  can  b e  a problem o r  a t  
l e a s t  c o s t l y  enough t o  e l i m i n a t e  p o s s i b l e  s a v i n g s .  

- F o u r t h ,  t h e  h a n d l i n g  and s t o r a g e  of f l y  a s h  can  b e  a problem i f  i t  i s  
used i n  l a r g e  c o n c r e t e  p r o j e c t s  l i k e  dams and  b u i l d i n g s .  I n  c o n s t r u c t i o n  p r o j e c t s  t 

such  a s  t h e s e ,  t h e  need f o r  f l y  a s h  i s  i n t e r m i t t e n t  and  s t o r a g e  f a c i l i t i e s  would 
\ t h e r e f o r e  be r e q u i r e d  t o  meet t h e  demand when needed .  

I 
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F i f t h ,  t h e  e l e c t r i c  u t i l i t y  i n d u s t r y ,  a s  a whole ,  h a s  probably  not  pushed 
s u f f i c i e n t l y  h a r d  t o  d e v e l o p  a marke t  f o r  t h e  m a t e r i a l  n o r  t o  e n l i g h t e n  c o n c r e t e  
u s e r s  s u f f i c i e n t l y .  A l l  e l e c t r i c  u t i l i t y  companies  do n o t  have f l y  a s h  d i s p o s a l  
problems,  s i n c e  some companies  u s e  o t h e r  f u e l s  and  s t i l l  o t h e r  companies have n o t  
e x p e r i e n c e d  problems w i t h  dumping because  o f  g e o g r a p h i c a l  l o c a t i o n .  However, 
e v a l u a t i n g  a l l  f a c t o r s ,  i t  i s  e v i d e n t  t h a t ,  a t  least  i n  c e r t a i n  a r e a s ,  many prob-  
l e m s  e x i s t  and t h a t  much r e s e a r c h  i s  s t i l l  needed i f  f l y  a s h  i s  t o  be s u b s t i t u t e d  
f o r  P o r t l a n d  cement  i n  a n y  g r e a t  q u a n t i t i e s .  

F l y  a s h  h a s  been t r i e d  as a s u b s t i t u t e  material i n  v a r i o u s  p r o c e s s e s  by 
many i n d u s t r i e s .  The p r e v i o u s  u s e s  d i s c u s s e d  are known t o  b e  s u c c e s s f u l ;  some 
o t h e r  p r o c e s s e s  have  been  r e a s o n a b l y  s u c c e s s f u l  and  can  u s e  f l y  a s h ;  w h i l e  s t i l l  
o t h e r s  have  found f l y  a s h  t o  b e  an u n s u i t a b l e  m a t e r i a l  f o r  a p a r t i c u l a r  use .  

E x p e r i m e n t a l  work h a s  been done  o n  u s i n g  f l y  a s h  a s  a s u b s t i t u t e  f o r  
c o r e  sand  f o r  s t ee l  and  aluminum c a s t i n g s .  Although t h e  c a s t i n g s  u s i n g  f l y  a s h  
molds were  smoother ,  t h e y  t e n d e d  t o  d e v e l o p  p i t t i n g ;  and a l s o ,  t h e r e  was the  e v e r  
p r e s e n t  problem of h a n d l i n g  t h e  f l y  a s h .  

F l y  a s h  was t e s t e d  as  a n  e x t e n d e r  i n  p a i n t  and  as  a f i l l e r  i n  p u t t y .  
I t  proved t o  be of  no v a l u e  i n  p a i n t ,  and p a r t i c l e  s i z e  was t o o  l a r g e  f o r  p u t t y .  1 

i 

b u t  has  been r e j e c t e d  for f l o o r  t i l e  b e c a u s e  of i t s  d a r k  c o l o r .  1 

Some f l y  a s h  i s  b e i n g  used i n  a s p h a l t  r o o f i n g  and s i d i n g  m a t e r i a l s ,  ! 

A b u i l d i n g  b l o c k  was t e s t e d  u s i n g  l ime and f l y  a s h  and c o n t a i n i n g  no 
P o r t l a n d  cement .  The b l o c k s  had a smooth s u r f a c e  which made them d i f f i c u l t  t o  
h a n d l e .  A l s o ,  t h e y  were more b r i t t l e ,  t ended  t o  c h i p  and s p a 1 1  a f t e r  i n s t a l l a t i o n  
and were  h e a v i e r  t h a n  r e g u l a r  b l o c k .  They were  r e j e c t e d  b e c a u s e  they  a f f o r d e d  no 
a d v a n t a g e  o v e r  t h e  r e g u l a r  b l o c k .  I 

An i n v e s t i g a t i o n  was made i n t o  t h e  p o s s i b i l i t y  of u s i n g  f l y  a s h  a s  a 1 

i 
I 
I 

c o n s t i t u e n t  i n  b r i c k  making.  I t  was r e j e c t e d  b e c a u s e  when mixed w i t h  c l a y ,  t h e  
mater ia l  packed t o o  h a r d ,  was too  a b r a s i v e  and t h e  b r i c k s  were too b r i t t l e .  

F l y  a s h  was t e s t e d  f o r  use  i n  a sound deadening  p l a s t e r ,  b u t  i t s  c o l o r  
was o b j e c t i o n a b l e .  

F l y  a s h  h a s  been  t r i e d  a s  a n  a d m i x t u r e  t o  f e r t i l i z e r ,  r e p l a c i n g  foundry 
s a n d ,  b u t  was found t o  be t o o  f i n e  a n d  d u s t y .  

Some a g r i c u l t u r a l  e x p e r i m e n t s  have  been conducted  on p o t  p l a n t i n g s  o f  
soy beans  by a d d i n g  f l y  a s h  t o  t h e  s o i l .  The f l y  a s h  produced a s u b s t a n t i a l  
i n c r e a s e  i n  growth and  a n  improvement i n  c o l o r .  I F l y  a s h  was t r i e d  a s  a f i l l e r  f o r  a b r a s i v e  s o a p ,  b u t  w a s  found to  b e  
i n f e r i o r  t o  t h e  pumice which was b e i n g  u s e d .  . '  It was a l s o  found t o  b e  u n s u c c e s s f u l  
a s  a f i l l e r  m a t e r i a l  i n  paper  and  r u b b e r .  

F l y  a s h  was t r i e d  a s  a sound and h e a t  i n s u l a t o r ,  b u t  was f o u n d  to  pack 
e x c e s s i v e l y  and a b s o r b  m o i s t u r e  when exposed  t o  a i r .  

I n s u l a t i n g  cement h a s  been made c o n t a i n i n g  f l y  a s h  which r e s u l t s  i n  les 
' shri.nk.age c r a c k s j  a n d  t h e r e f o r e  i .s  cons i .dered  t o  he s u p e r i o r  t o  o t h e r  m a t e r i a l s  

u s e d .  

F l y  a s h  h a s  b e e n  s u b s t i t u t e d  f o r  pumice i n  b u f f i n g  compounds and f o r  
w h i t i n g  i n  t o o t h  p a s t e .  I t  d i d  n o t  produce  t h e  d e s i r e d  p o l i s h e d  f i n i s h  when u s e  
f o r  b u f f i n g ,  and i t  was t o o  h a r d  f o r  u s e  i n  t o o t h  p a s t e .  

I 



I 79 
When f l y  a s h  was s u b s t i t u t e d  f o r  c l a y  i n  c e r a m i c  t i l e ,  t h e r e  was no 

improvement i n  p r o d u c t  q u a l i t y  and  i t  c o s t  more t o  m a n u f a c t u r e .  
f o r  d ia tomaceous  e a r t h  i n  p l a s t i c s ,  i t  r e s u l t e d  i n  a p r o d u c t  of  p o o r e r  q u a l i t y .  

When t r i e d  a s  a f i l t e r  f o r  w a t e r  and  o i l  p u r i f i c a t i o n ,  r e p l a c i n g  sand  

As a s u b s t i t u t e  

' a n d  f u l l e r ' s  e a r t h ,  f l y  a s h  d i d  n o t  produce  d e s i r e d  c l a r i f i c a t i o n  of the water o r  
o i l .  

The u t i l i z a t i o n  of  t h e  i n d i v i d u a l  c h e m i c a l s  of which f l y  a s h  is composed 

The e x t r a c -  
may b e  a p o s s i b l e  u s e  i n  t h e  f u t u r e .  
removing t r a c e s  of germanium which have  been found i n  some f l y  a s h e s .  

The Bureau of Mines h a s  exper imented  w i t h  

' t i o n  of o t h e r  e lements  and  compounds may be f e a s i b l e  i n  t h e  f u t u r e .  

I It i s  e v i d e n t  t h a t  u s e s  f o r  f l y  a s h  have  been a t t e m p t e d  by many i n d u s -  

I'd0 n o t  u s e  f l y  a s h  i n  s u f f i c i e n t  q u a n t i t i e s  to  consume any g r e a t  p e r c e n t a g e  of t h e  
t r i e s ,  b u t  w i t h  only  l i m i t e d  s u c c e s s .  

y e a r l y  p r o d u c t i o n .  

Those t h a t  have  found t h e  p r o d u c t  u s e f u l  

To d a t e ,  t h e  most p r o m i s i n g  method f o r  u t i l i z i n g  f l y  a s h  a p p e a r s  t o  be 
, a s  a l i g h t w e i g h t  a g g r e g a t e .  However, t h e  f l y  ash must  f i r s t  b e  s i n t e r e d  and  
' c r u s h e d  and  then  i t  c a n  b e  used  as  a s u b s t i t u t e  f o r  f i n e  o r  c o a r s e  a g g r e g a t e  i n  

Ls, 

The p o s s i b i l i t y  of s i n t e r i n g  f l y  a s h  came to  l i g h t  i n  t h e  e a r l y  1950 ' s  
?hen e f f o r t s  were made by c e r t a i n  companies  t o  s i n t e r  f l y  a s h  w i t h o u t  f i r s t  p e l -  
l e t i z i n g .  The p r o c e s s  was n o t  s u c c e s s f u l .  I t  was found t h a t  p e l l e t i z i n g  was 

' n e c e s s a r y  and c o u l d  b e  accompl ished  o n l y  a f t e r  a d d i n g  e x p e n s i v e  b i n d e r s .  
m e n t a t i o n  c o n t i n u e d  t o  improve p e l l e t i z i n g  equipment ,  m o s t l y  i n  c o n j u n c t i o n  w i t h  

ron  o r e ,  s o  t h a t  by 1960 p e l l e t i z i n g  c o u l d  b e  accompl ished  w i t h o u t  b i n d e r  ad-  
m i x t u r e s .  By 1961,  p e l l e t i z i n g  and  s i n t e r i n g  t es t s  w i t h  f l y  a s h  i n  v a r i o u s  p i l o t  
p l a n t s  demonst ra ted  t h a t  f l y  a s h  s i n t e r i n g  p l a n t s  of a commercial  s ize  were now 
t e c h n i c a l l y  and economica l ly  f e a s i b l e .  S i n c e  t h a t  t i m e ,  t h r e e  f l y  a s h  s i n t e r i n g  
p l a n t s  have  been i n s t a l l e d ,  one each  a t  C o n s o l i d a t e d  E d i s o n  Company i n  New York 
C i t y ;  Niagara  Mohawk Power Company i n  B u f f a l o ,  New York;  a n d  a t  D e t r o i t  Edison  
"ompany i n  D e t r o i t ,  Michigan.  A l l  t h r e e  of t h e s e  p l a n t s  u t i l i z e  t h e  same b a s i c  , e s i g n  produced by t h e  McDowell-Wellman Company. 
df  P i t t s b u r g h ,  P e n n s y l v a n i a ,  a l s o  h a s  i n s t a l l e d  a s m a l l  p l a n t  n e a r  Duquesne L i g h t ' s  

c o n c r e t e ,  c o n c r e t e  b l o c k ,  roadways and anywhere e lse  where a g g r e g a t e s  are r e q u i r e d .  

Exper i -  

The S t i r l i n g  S i n t e r i n g  Company 

x t r u s i o n  p r o c e s s .  Both of t h e  p r o c e s s e s  then  f e e d  t h e  p e l l e t s  i n t o  a g a s - f i r e d  

h e  same t i m e  s i n t e r e d  p e l l e t s  a re  formed.  These  p e l l e t s  c a n  b e  c r u s h e d  t o  v a r i o u s  
i z e s  t o  g i v e  e i t h e r  a f i n e  o r  c o a r s e  a g g r e g a t e .  

I 
a t  a p p r o x i m a t e l y  2000"F, a n d  t h e  c a r b o n  i n  t h e  f l y  a s h  i s  burned  w h i l e  a t  

The c h i e f  a d v a n t a g e  of s i n t e r e d  f l y  a s h  a g g r e g a t e  i s  i t s  l i g h t  w e i g h t .  
hen s i z e d  t o  c o n c r e t e  b lock  g r a d e ,  s i n t e r e d  f l y  a s h  weighs  48-50 lbs . /cu . f t . ,  w h i l e  
n o t h e r  c o m o n  b lock  a g g r e g a t e  m a t e r i a l ,  expanded s l a g ,  weighs  68-72 l b . / c u . f t .  This  
e i g h t  d i f f e r e n t i a l  c a u s e s  a r e d u c t i o n  i n  b lock  w e i g h t  f rom a p p r o x i m a t e l y  35 l b .  
o 25 l b .  T h i s  r e d u c t i o n  c a n  mean a d e c r e a s e  i n  b u i l d i n g  s t r u c t u r e  c o s t s ,  h a n d l i n g  
o s t  and  s h i p p i n g  c o s t .  I n  a d d i t i o n  t o  t h e  r e d u c t i o n  i n  c o s t s  r e a l i z e d  i n  u s i n g  
h e  b l o c k ,  t h e  b lock  c o n t a i n i n g  f l y  a s h  a g g r e g a t e  c a n  be produced  a t  a lower c o s t ,  
i n c e  i t  h a s  been shown t h a t  less P o r t l a n d  cement i s  r e q u i r e d  t o  produce  a b lock  

than  w i t h  r e g u l a r  a g g r e g a t e .  The ASTM s p e c i -  

a n t i t y  of p o r t l a n d  cement u s e d .  

I 



T e s t s  h a v e  a l s o  been pe r fo rmed  on b u l k  c o n c r e t e  made u s i n g  f l y  a s h  a s  a 
c o a r s e  a n d  f i n e  a g g r e g a t e .  
s t r e n g t h  t e s t  r e q u i r e s  4 0 0 0  p s i  f o r  28-day c u r e d  c o n c r e t e ,  t h e  f l y - a s h - c o n t a i n i n g  
c o n c r e t e  was t e s t e d  to  4910  p s i ,  which s u r p a s s e s  t h e  4800 p s i  c o n c r e t e  made u s i n g  
expanded s l a g  as a n  a g g r e g a t e .  I t  can  r e a d i l y  b e  s e e n  t h a t  c o n c r e t e  and  c o n c r e t e  
b l o c k  u s i n g  f l y  a s h  a g g r e g a t e  g r e a t l y  exceed  t h e  minimum e s t a b l i s h e d  s t r e n g t h  
r e q u i r e m e n t s .  When u s e d  i n  roadway c o n s t r u c t i o n ,  c o n c r e t e  c o n t a i n i n g  f l y  ash 
a g g r e g a t e  a s  a n  added  b e n e f i t  h a s  been shown t o  b e  more s k i d  r e s i s t a n t .  

These  tes ts  have  shown t h a t  where t h e  ASTM compressive 

With t h e  a d v a n t a g e s  p r e v i o u s l y  men t ioned ,  t h e  marke t  f o r  f l y  ash aggre -  
g a t e  a p p e a r s  t o  b e  a l m o s t  u n l i m i t e d .  P r e s e n t  s u r v e y s  have i n d i c a t e d  t h a t  a r e a l  
demand c a n  be e s t a b l i s h e d ,  p r o v i d e d  a q u a l i t y  p r o d u c t  can  c o n s i s t e n t l y  b e  produced 
b y  t h e  s i n t e r i n g  p l a n t .  Because f l y  a s h  s i n t e r i n g  i s  a r e l a t i v e l y  new concep t ,  
o p e r a t i o n a l  d i f f i c u l t i e s  have  been e n c o u n t e r e d  by t h e  t h r e e  u t i l i t i e s  p r e v i o u s l y  
men t ioned  which have  f l y  a s h  s i n t e r i n g  p l a n t s ;  however,  a l l  f e e l  t h a t  most  of t h e  
problems t h a t  s t i l l  e x i s t  a r e  due t o  i n e x p e r i e n c e  of o p e r a t i o n  and  newness of 
equipment  d e s i g n .  Duquesne L i g h t  Company, a t  t h e  time o f  p r e p a r a t i o n  o f  t h i s  
p a p e r ,  is p r o c e e d i n g  w i t h  t h e  d e s i g n  a n d  w i l l  i n s t a l l  a f l y  a s h . s i n t e r i n g  p l a n t  
a t  i t s  Elrama S t a t i o n .  With t h e  e x p e c t a t i o n  of b e i n g  a b l e  t o  t u r n  a c o s t l y  ex- 
p e n s e  i n t o  a p r o f i t - m a k i n g  o p e r a t i o n ,  i t  i s  a n t i c i p a t e d  t h a t  more companies w i l l  ! 

l i k e w i s e  i n v e s t i g a t e  t h e  p o s s i b i l i t i e s  o f  s i n t e r i n g  f l y  a s h .  I t  i s  even p o s s i b l e  
t h a t  f u t u r e  d e s i g n s  o f  p u l v e r i z e d  c o a l  b u r n i n g  s t a t i o n s  w i l l  i n c o r p o r a t e  f l y  a s h  
s i n t e r i n g  f a c i l i t i e s  a s  a n  i n t e g r a l  p a r t  o f  t h e  s t a t i o n  d e s i g n  a n d  o p e r a t i o n .  [’ 

The e l e c t r i c  u t i l i t y  i n d u . s t r y ,  a s  a whole,  is v e r y  e n t h u s i a s t i c  over 
t h e  p o s s i b i l i t i e s  o f  s i n t e r e d  f l y  a s h ,  f e e l i n g  t h a t  pe rhaps  a t  l a s t  a u s e  has 
been found  tha t  can  u t i l i z e  a l l  o f  t h e  f l y , a s h  t h a t  i s  produced and  end once and 
f o r  a l l  t h e  problems p r e s e n t l y  e n c o u n t e r e d  i n  f l y  a s h  d i s p o s a l .  1 


